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An investiagtion of uniaxial creep in simple synthetic composites
of polyethylene and polypropylene was made to determine the parametric
behavior and interrelation of each component by varying the relative
volume and interfacial contact area. A mathematical model was devel-
oped and used to predict the experimental behavior which was deter-
mined by least squares fitting of the data. A digital computer was
used in the analysis and good correlation between the experimental
measurements and theoretical predictions was obtained. Included is
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1 . Introduction
The rapid expansion of today's advanced technology is evidenced in
the literature by the large number of publications related to the design,
fabrication, testing and usage of composite materials. The use of com-
posites as a structural material is not new but the related technology
is just now beginning to grow. Almost all of the experimental work on
the properties of composites has been performed in direct response to
the immediate technological needs. As a result, very little basic
research has been reported.
One of the definite voids in the knowledge of the behavior of com-
posite materials is that which is associated with its visoelastic
properties. [5>, l t lUj
~x
~ This viscoelastic behavior is evidenced in
the creep and stress relaxation mechanisms of the composite and needs to
be related to the interaction between the basic components of the
composite.
The primary purpose of this study was to investigate the constant
load creep behavior of a simple synthetic composite of known structure.
Measurements were obtained at a temperature of 23*1 degree G and a
relative humidity of $0 * 2 % in accordance with ASTM Standards. [l5>J
A comparison of the behavior of the variously constructed composites
with that of the parent materials was attempted by least squares fit-
ting of the data using standard digital computer techniques and graph-
ical analysis.
Appendix: C is a report of the design and establishment of a Lab-
oratory for the purpose of making these measurements.
"""Numbers in brackets refer to Articles in the Bibliography.
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Where
(T = initial stress.
Simplifying the system further by letting n = 1;
The single element Voigt Model or a suitable modification thereof
can easily be used to describe the creep behavior of a material in
response to a given initial stress (f by superposition of the linear
terms in stress and time. Marin [l3] has extended these simple re-
lations to provide implicitly for a variety of stress levels and has
shown that these relations can be fitted to the actual response of
many metallic and polymeric materials. Of various suggestions, the
following generalized equation of Marin and Pao [22J seems to have
the simplest form and follows the superposition principle quite
readily:
— r , vl m
Figure 9 shows how this equation appears using the superposition
principle for one given stress level. Figure 10 is a family of creep
curves constructed using Marin's equation for five different stress
levels. Such a family has been shown to depict the viscoelastic
behavior of a simple polymer quite well.
In addition to its application to the structure for a given
stress level, we can apply the above principles to the Generalized
Maxwell Model of m elements and obtain an equation which describes
m
the constant strain behavior (stress relaxation) of a material. The
following equation may be obtained:
m









































































1;. Statement of the problem.
The purpose of this study was to investigate the creep behavior of
two polymeric materials which were mechanically laminated into a com-
posite structure readily described by simple numbers. A series of
constant load machines were used for load application. Linear high
density polyethylene and isotactic polypropylene were chosen as the
basic materials. Both materials are readily available commercially
and both have known composition. Each creeps to a relatively large
extent at room temperature using low stresses. Both are crystalline
to some degree and their structures may well vary with extension. This
property is one which will allow further study of the molecular mech-
anisms involved. The possible extension of this work is an additional
reason for the choice of these particular materials.
The creep measurements were relatively short time tests with an
average elapsed time of 100 hours. The variables studied were relative
cross-sectional area and the effect of interfacial bonding between the
laminates at various stress levels, The data obtained were compiled
and fitted to a simplified mathematical model of creep (after Marin) as
described above. From this fitted equation, the parameters E, K, n, m,
P and B were obtained for each composite and a direct comparison was
made.
It was necessary for this study to establish a suitable laboratory
for the measurement of creep. This required the installation of tem-
perature and humidity control equipment of sufficient size to maintain
the temperature and relative humidity throughout the laboratory. Also,
since the obtaining of data is a tedius and time consuming process, a
method of recording the data for many units was devised. This equip-
ment is described in Appendix G.
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5. The Experiment.
Specimens of linear high density polyethylene and isotactic poly-
propylene were made with the dimensions of Figure 11. The extruded
sheet material was cut into random rectangles oriented parallel, per-
pendicular and diagonally to the extrusion direction. These specimens
were marked according to location and orientation in the sheet and used
in groups for creep measurements. Preliminary experimental work used
the phosphor bronze clip extensometers described in Appendix C, but
the data reported here was obtained using Tripolitis type extensometers.
(See Figs. 12 and 13.) The gauge length for all specimens was two
inches and the extensometer could be accurately read to + 0.0002 inches.
Readings of the data were taken at 2, 5>, 10, l£, 20, 25, and 30 seconds
total elapsed time, thence varying intervals from 10 seconds to 5
minutes in the first 1$ minutes, £ minutes to 15 minutes in the next 30
minutes and 1$ minutes to 30 minutes to approximately 1; hours. Various
additional readings were taken to sufficiently determine the extension
over a range of 90 to l£0 hours total elapsed time. An average of 1;0
data points were taken on the low stress runs and 60 data points on the
high stress runs. An example of the data is enclosed in the test pro-
gram found in Appendix B.
The temperature was maintained at 23 * 0.8 degrees G throughout
the experiment. It is noted that this degree of temperature control
was barely adequate for these materials at low stress levels due to
the high coefficient of thermal expansion. The relative humidity was
not critical due to the nature of the materials but was maintained
within the range UQ to 60 %.
Constant load Creep machines (See Appendix C.) with calibrated
lever type loading arms and either universal joints or ball and socket
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joints above and below the specimen to eliminate any possible torsion
or bending of the specimen were utilized.
Initially, many measurements of the creep of single material poly-
ethylene or polypropylene were obtained. The statistical spread of the
data was determined to be due largely to the inhomogeneity of the
material, and these errors such as measurement errors, errors due to
temperature and relative humidity fluctuations androundoff errors in
compiling and processing the data were masked by the statistical
spread.
The next series of tests were carried out on two single layers
of polyethylene and polypropylene clamped together in parallel with
80 mesh abrasive uniformly spread throughout the interfacial area.
These clamps, shown in Figure lU, were placed outside the gauge length
to insure the uniform extension of the material between the clamps.
Periodic tightening of these outside clamps prevented any relative
motion or slippage between the layers. Further tests in this series
were made using two polyethylene and one polypropylene or two poly-
propylene and one polyethylene layers clamped in parallel as in the
previous case.
The second series of tests was run on singly layered polyethylene
and polypropylene composites using the previously mentioned outside
clamps and auxiliary clamps within the gauge length (See Figs. Ik and
15.) to ensure that contact existed between the materials used. The
auxiliary clamps within the gauge length were attached in such a way
that only a line of contact was made between the clamp and the speci-
men, thereby eliminating any restraint on the individual fibers of
the material except at the line of contact. The imbedded 80 mesh
23
abrasive served to increase the interfacial contact at points in the
vicinity of the clamps by a pinning action. A series of 1, 2, 3> and
k of these auxiliary clamps were used on the two layer composites at
different stress levels to determine the effect of an interface and
any shear stresses between the laminates. (See Fig. 16. ) All runs
were made at initial stresses of £00, 7^0, 1000, 12^0, 1^00 and 17^0
psi. These particular stress levBls were chosen since polyethylene
enters the tertiary creep region above 175>0 psi. Polyethylene does .not
enter this region until above 3000 psi but no correlation of the creep









FIGURE II CREEP SPECIMEN
FIGURE 12 TRIPOLITIS EXTENSOMETER
2$
FIGUP TRIPOLITIS EXTENSOMETER
^HED TO SINGLE SPECIMEN
FIGURE 14 PE/PP COMPOSITE WITH CLAMPS
FIGURE 15 CLAMPS USED INSIDE
8 OUTSIDE GAUGE
FIGURE 16 PE/PP COMPOSITE WITH
1,2,3 B4 AUX. CLAMPS
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6. Analysis of the data.
Creep data in the form of elongation A L versus time were obtained
for all composite specimens studied. The data were punched on cards
and placed in the digital computer via the first program in Appendix B.
The output of this program included the input data, the calculated
stress, the fraction of each component of the specimen, and the para-





(l - exp(-A t)) + A, t
for which the parameters A. correspond with those of Marin's equation:
£=i(^ + tor"(l-exp(-Pt))+B(rm +).
Also included was the difference or error between the fitted equation
and the input data points and an estimate of the error in the para-
meters A. . Appendix A contains a tabulated compilation of the para-
meters A. for all of the specimens investigated.
The second computer program in Appendix B served to compare the
input data with the fitted parameters. It was also a very good method
of checking the accuracy of the punched data since any gross errors
could easily be picked up. Figure 17 is a sample of the output. All
data points cannot be shown here since the program used to draw the
graph is limited to 30 data points. The continuous curves are drawn
using the fitted parameters found by least squaring the data. Al-
though an exact fit is not obtained, the fit is close enough to obtain
sufficient information to make a comparison of the effect of relative
cross-sectional areas and interfacial contact between the laminates.
Plots of A-j_ through Ai versus stress for single unlayered poly-
ethylene and polypropylene specimens are seen in Figures 18 through 21.
Note the statistical spread of data, especially for A versus stress.
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Figures 22 through 25 serve as a comparison of the parameters A. for
a simple composite of £0 % polyethylene and £0 % polypropylene. The
only clamped areas were outside the gauge length. In addition to
these points for the composites, curves for 100 % polyethylene and
100 % polypropylene are included.
From Figure 2k it is apparent that the elastic term of Marin's
equation (0"/E = A L ) is not linear in stress. Figure 26 is a log-
log plot of A-, versus stress for simple polyethylene and simple poly-
propylene specimens. The slope is 1.3? indicating that the elastic
deformation is in fact dependent on stress to the 1.3 power. Many
other materials possess similar nonlinearity and this result is not
surprising. Similiarly, a log-log plot of A
?
and A. versus stress are
seen in Figures 27 and 28 respectively. The slope of the graphs are
2.0 and corresponds to the value of n and m in the equalities (A« = (1/L )
(K(T
n
)) and (A, = (l/L ) (Bo*
11
)). These same values of n and m were also
obtained from the data on the composite structures. The term Ao, which
corresponds to a relaxation time constant, is apparently independent
of stress. However, the time scale needed for creep measurements makes
it difficult to determine such relaxation time constants accurately.
The magnitude of the fitted parameter was found to be 1.5 hr. for
polyethylene and 0.8 hr.--'- for polypropylene.
Figures 29 through 32 are similar graphs of the parameters A. versus
stress for triply layered composite specimens. Those composites labeled
PE/PP/FE were 67 % polyethylene and 33 % polypropylene and those labeled
PP/PE/PP were 67 % polypropylene and 33 % polyethylene. Note the effect
of increasing the relative volume (cross-sectional area) of one component
relative to the other component . A_ appears linear with volume for all
2?
stress levels but A and A. are nonlinear.
This nonlinear response is consistent with the mathematical model
of the composite. Assuming that Marin's equation:
adequately describes the behavior of these composites and that each
component carrys its share of the load dependent only on its fractional
cross-section, then the following analysis can be used.
Letting a and b denote the relative fraction of component A and B
and using subscripts a, b, and ab to identify component A, B, or the
composite AB, an appropriate stress analysis of the composite yields
Equations 1, 2 and 3.
(1) a + b = 1







for time t = in which only the elastic component has a value,
£
ab = #f =/* = /*ab a d
0Ta = L_§Wab and (f =(ja»Vab
ab ab
Combining these equations with Equation 3 f one gets Equation U.
(U) aE + bE^ = E .
a b ab
Equation k indicates that the elastic deformation for a composite
(term E of the viscoelastic equation) should follow a simple addition
law. Figure 36 is a plot of observed values for this term versus frac-
tion of polyethylene in the composite, and shows substantial agreement
between this theoretical deduction and observed experimental values.
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Similarly, for coefficients K and B of the viscoelastic equation,
at time t= f?/A_. the term (l - exp( -Pt)) is substantially unity, and
p









ab = E + ^ab ° ab'
ab
Using Equations 1 and 2 again, one gets
2 2







K <r = K C












and (T = — CT
b \ K / u ab •
Again applying Equation 3 9 one obtains
f
K \5- /K\^ /K\k
K J ab I K /
y
ab V K / ab
a
'
v b ' x ab
which is simplified into Equation 5„
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Equation £ indicates that the reciprocal of the square root of co-
efficient K for the composite should be an addition of volume fraction
of its components. Figure 37 is a plot of this item versus volume
fraction polyethylene. It verifies this theoretical deduction.
A similar analysis for coefficient B of the viscoelastic equation
indicates that for time much greater than 5/A , Equation 6 can be
obtained.
"•&r- ikf -&)-
This deduction is verified by experimental values in Figure 38 • The
excellent agreement between experiment and deductions based on the vis-
coelastic equation indicate that these composites do behave as the
mathematical model predicts.
The relaxation time parameter A (P of the equation) is not so
easily checked. However, similar mathematical manipulations starting




t)) + (1 - exp(-Pbt))
= 2(1 - exp(-P
ab
t)).
Expanding the exponential terms in a Taylor's Series and truncating
the series after the second term, Equation 7 is obtained.
(7) P -VJ\>
ab 2
Therefore, the composite's relaxation time constant is the average of
the time constants of each component. The scatter of data pertaining
to this relaxation time constant precludes any quantitative check of
this result. However, most data points do fall within those of 100$
polyethylene and 100$ polypropylene as predicted. (See Figures 20,
2k and 31.)
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The results of increasing interfacial contact points by placing
the auxiliary clamps within the gauge length and using 80 mesh car-
borundum as a keying material showed no apparent effect in the creep
behavior of the $0 % polyethylene - $0 % polypropylene composites.
The statistical spread of data does not appear to be affected in any
way as may be ascertained from comparing the data in Appendix A. The
effect of an increased number of specimens at 1000 and 15>00 psi.
merely increased the spread of the data without significantly skewing




FIGURE 18 PARAMETER A, vs. STRESS,
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FIGURE 24 PARAMETER A3 vs. STRESS,
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FIGURE 33 PARAMETER A, vs. VOLUME
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7. Conclusions.
The simple laminated composites of polyethylene and polypropylene
were prepared and the creep behavior was measured. The parametric
characteristics were determined by least squaring the data. These
characteristics were compared with those predicted by theoretical
analysis and were found to agree quite closely with the predicted
results, ie., the creep behavior was a linear function of the properties
of each component and its relative volume.
This investigation provides conclusive evidence that a combined
mathematical and experimental approach in determining the relative creep
behavior of composites is a powerful tool. The basic analysis of the
behavior of simple composites is a useful method of predicting creep
behavior in the more sophisticated composite systems in addition to the
conventional methods for ad hoc measurements. It is necessary, however,
that a computer facility be available to the experimenter and that an
empirical equation can be used to represent this behavior.
The measurements which were obtained required total elapsed times
which were too short for engineering purposes, but any further decrease
in creep rate for longer times would have been due largely to the
crystallization or strengthening effect as the material elongated under
load. This effect was ignored as a first approximation even though it
becomes quite apparent in the data. It is to be noted, however, that
some polyethylene specimens broke outside the gauge length after one
and one-half months under moderate stress. This failure appeared
brittle in nature and occurred at the hole in the specimen. These
failures would have prevented taking data for times greater than
1000 hours.
The following recommendations are submitted for further work:
(1) A higher order empirical equation be tested whereby two re-
laxation time constants can be determined and an allowance for
the crystallization or structure factor can be made.
(2) Stress relaxation data be correlated with simple tension creep
data to determine the interrelation through the relaxation
mechanisms of the composites.
(3) Other materials be tested which can be fabricated into true
composites of known composition without the difficulties of
structural change and poor adhesive properties.
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APPENDIX A










1 2hh.h 0.0 100.0 2.39 2.68 0.62 1.93
2 U97-5 5.1t9 7.39 3.78 5.92
3 7U2.1 12.91 19.29 2.00 U.86
u 75U-0 8.15 l5.ii0 1.59 lit. 80
5 998.9 lit. 03 28.80 1.21; 19.52
6 1001.6 11.27 27. Ul 1.28 2k. 77
7 12UU.7 13.78 U6.U9 1.39 U2.67
8 12i;8.9 18.53 1*3.01 1.0U 28.86
9 UtfU.5 20.89 63.19 1.65 75.12
10 1502.3 2k. 22 66.18 1.37 61.55
11 1714;. 2 30.71 78. 3U 1.55 29U.79
12 1752.9 32. 5U 88.36 0.97 301.00





















100.0 0.0 1.91 1.10 0.73 2.20
Uoll 3. 01; 0.69 2.71
li.37 3.33 0.50 3.36
5.52 3.OI4. 3.52 9.96
11.28 It. 81 0.U5 U.03
8.55 U.88 0.57 5.28
11.71 10. U5 0.U6 9.h$
10.52 11.77 0.52 6.69
12.90 11.08 0.89 12.89
16.35 19.02 1.06 19. U7
19.81 26.36 0.60 lit. 82
22.91 30.70 0.98 18.39
29.08 37.75 0.88 31.14;
28.78 35.97 1.01 33.96
U5.7lt 68.33 0.58 77.82
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POIYETHYLENE/POLYPROPYLENE COMPOSITES WITHOUT AUXILIARY CLAMPS
RUN STRESS % PP % PE A (X 103 ) A (X 103 )
2
A (HR."1 ) A, (X ic£)
1*
(IN./HR.)(PSI) (IN.) (IN.)
I 500. k 50.7 U9.3 $.& 3.62 2.78 3.53
2 501.2 50.9 1*9.1 8.08 3.83 0.1*8 2.11
3 7U8.7 50.9 1*9.1 8.70 6.1*5 0.66 5.86
k 752.0 51.U 1*8.6 7.20 8.56 0.95 7.20
5 999.2 52.1 U7.9 10.13 ll*. 60 0.88 11.21
6 1000.0 51.1 1*8.9 11*. 11* 13.93 1.01 11.58
7 1252. 1* 50.7 1*9.3 18.07 21.06 0.97 11*. 31
8 1252.9 51.3 1*8.7 13.97 25.19 0.90 17.1*1*
9 1500.0 51.5 1*8.5 21.57 30.92 1.01 26.20
10 ll*8l.7 51.1 1*8.9 19.16 29.99 1.15^ 21*. 16
11 171*7.6 51.6 1*8.1* 26.33 1*1*.52 1.08 1*1*. 25
12 1753.1 51.0 1*9.0 26.97 1*1*. 10 0.91* 37.51*
P01ZETHYLENE/P0LYPR0PYLENE COMPOSITES WITH ONE AUXILIARY CLAMP








1 1*99.5 50.5 1*9.5 9.03 3.22 0.1*8 2.29
2 1001.6 51.6 1*8. 1* 12.22 17.18 0.1*7 8.15
3 999.3 50.5 k9.S 12.1*3 15. 81* 0.60 8.38
i* 999.1 50.5 1*9.5 11.52 15.79 0.1*7 8.99
5 999.1 50.5 h9.S 12.1*1 15.52 0.73 11.37
6 999.7 50.5 1*9.5 11.62 16.20 0.57 8.16
7 121*9.5 51.3 U9.7 20.33 26.37 0.75 12.31*
8 121*7.3 50.7 1*9.3 17.95 2lu37 0.90 18.01*
9 11*99.8 50. 1* 1*9.6 23.06 36.18 0.80 17.87
10 1501.5 5i. I* 1*8.6 22.06 31. U8 0.91* 21*. 21*
11 11*96.8 50.5 k9.$ 18.71* 32.19 0.78 23.85
12 11*95.8 52.1; 1*7.6 15.22 29.79 1.1*1* 27.82
13 1750.5 50.7 1*9.3 28.27 52.50 0.77 27.17
H* 1752. 1* 50.6 h9.h 27.05 1*6.26 0.82 37.61*
POLYETHILENE/POLYPROPYLENE COMPOSITES WITH TWO AUXILIARY CLAMPS







1 999.3 51.0 1*9.0 12.1*5 11*. 25 0.71 12.1*0
2 999.3 50.8 1*9.2 11*. 32 16.91 0.98 12.95
3 1001.0 50.7 1*9.3 11.25 17.30 0.1*6 8.65
h 1501.5 53.2 1*6.8 19.37 29. U6 0.98 21.65
5 11*96.8 51.2 U8.8 18.37 35. U3 0.87 26.28
52
POLYETHYLENE/POLYPROPYLENE COMPOSITES WITH THREE AUXILIARY CLAMPS
RUN STRESS % PP % PE A (X 103 ) A (X 103 ) A (HR."1 ) A, (X 10^)
1 2 3 k
(PSI) (IN.) (IN.) (IN./HR.)
1 989.2 50.9 U9.1 11*. 55 16.27 0.U1 8.00
2 1000.2 50.9 U9.1 11.07 15.91 0.78 12.61
3 1503.0 &.1 U5.9 22.82 31.93 0.96 23.83
u 1502.7 50.7 U9-3 19. 3U 35-10 0.9U 26.10
5 1U9U.7 52.7 U7.3 17.96 30.92 0.78 20.23
POLYETHYLENE/POLYPROPYLENE COMPOSITES WITH FOUR AUXILIARY CLAMPS
RUN STRESS % PP % PE A (X 103 ) A (X 103 ) A (HR."
1
) A (X 10^)
(PSI) (IN.) (IN.) (IN./HR.)
"I 992.2 51.0 U^O 10. 9k 18.71 0T39 8J43
2 999.3 50.7 k9.3 12.90 1U.08 0.77 11.60
3 1U9U.
7
52.7 U7.3 17.97 30.92 O.78 20.23
k 1502.0 51.8 U8.2 19.21 32.87 0.91 23.19
PE/PP/PE COMPOSITES WITHOUT AUXILIARY CLAMPS









1 7U9.6 3U.1 65.9 8.27 8.68 1.19 8.0U
2 750.0 3U.0 66.0 8.85 10.75 0.61 6.09
3 1001.0 3U.0 66.0 1U.81 17.91*. 1.09 11.87
k 1000.6 33.9 66.1 9.66 15.90 1.06 13.76
5 1250.5 3U.0 66.0 15.33 31.85 0.70 12.93
6 12L.7.2 33.8 66.2 17. 6U 28.38 0.97 19.25
7 1503.7 33.6 66.U 21. 87 39. 3k 0.93 27.18
8 1500. k 33.9 66.1 22.6U 1*2.29 O.76 18.85
9 1751.1 33.9 66.1 28.37 57.21 0.85 U6.28
10 17U7.7 33.9 66.1 27.33 6U.58 O.67 33.56
$3
PP/PE/PP COMPOSITES WITHOUT AUXILIARY CLAMPS
RUN STRESS % PP % PE A (X 103 ) A (X 103 ) A (HR."1 ) A (X 10^)
1 2 3 k
(PSI) (IN.) (IN.) (IN./HR.)
1 7£U5 67.2 32.8 8.75 5.95 0.90 5-72
2 755.2 67.3 32.7 7.51* 7.1*0 0.52 1*.33
3 1000.7 67. 1* 32.6 11. 61* 10.65 0.71* 7.63







5 121*6.2 67.3 32.7 13.62 17.52 1.1U
6 1250.8 67.3 32.7 16. ll* 19.23 1.20
7 11*91.5 66.8 33.2 16.50 25.29 1.1*5
8 1502.7 67.7 32.3 18.38 26.59 0.85
9 17U8.3 67.5 32.5 2l*.88 36.60 1.13
10 1753.3 67.O 33.0 21.58 35.51 1.70
SINGLE POLYETHYLENE SPECIMENS (TRANSVERSE ORIENTATION)
RUN STRESS % PP % PE A (X 103 ) A (X 103 ) A (HR.
-1
) A (X 10^)
1 2 3 k
(PSI) (IN.) (IN.) (IN./HR.)





2.19 2.35 1.1*8 2.18
5.13 6.57 1.1*5 5.07
9.20 1U.19 1.1*5 10.07
12.16 22. 6k 1.08 11*. 31
16.83 36.1*5 1.00 21.18
Sk
APPENDIX B
FORTRAN 60 COMPUTER PROGRAMS USED IN ANALYSIS
Two basic Fortran 60 computer programs were used in calculating the






( 1 - exp( - At))
3 h
The first program called PROGRAM CREEP is a modification of a basic Least
Squares program developed by Dr. W. Tolles of the Materials Science and
Chemistry Department of the Naval Postgraduate School. The program is
annotated by comment cards and needs no further explanation. The second
program called PROGRAM CREEPDRW is a drawing program used to check the
fitted equation with the data used. The off-line plotting subroutine
J7-NPS-DRAW programmed by J, R. Ward of NPGS was available in the CDC
160U Digital Computer System. Test data is included with each program
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Viscoelastic studies of materials require many sets of data with
long time scale measurements. This necessitates the availability of
many independently operated measuring devices. This requirement led to
the design and construction of additional Creep machines operated by
a simple lever arm device for loading and a series of ball and socket
swivels with turnbuckles for varying the length and size of specimens
used. Figures 39 through i;2 are pictures and drawings of the constant
load Creep machines designed and built in this project.
Additionally, since stress relaxation measurements are necessary
in characterizing the viscoelastic properties of materials, a multiple
capacity stress relaxation (constant strain) machine was designed.
This machine is still in the design and construction stages. Figure
U3 is a drawing of the machine.
A necessary item in the measurement of creep and relaxation data
is the measuring device and recording equipment. The potential advan-
tages of automatic recording of electrical signals made it desirable to
use conventional wire strain gauges. However, their very limited ex-
tension capability and the requirement of attaching them to the specimen
made it necessary to fabricate a. special fixture to increase their
extension capability. Figure I4I4. is a schematic of the clip-on elec-
tromechanical extensometer devised. It consists of a phosphor bronze
blank, bent to the dimensions seen, with two BLH SR-1; type A-£~l strain
gauges attached as shown in Figure 1|5. The use of a simple aluminum
frame and rubber bands serve to clip the extensometer to the specimen
as shown in Figures i;6 and hi • The attached strain gauges serve as one-
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half of a "Wheatstone bridge and -when connected as seen in Figure lj.8,
can be calibrated to give a signal proportional to the strain in the
specimen. The relationship between the strain at the center of the
face of the clip gauge and the elongation between the feet of the clip
gauge is seen in the following analysis.
Figure k9 is a schematic drawing of the blank used in the clip
gauge. Marin and Sauer [l2j show that the total axial strain on the
blank is:
(1)
where A = cross-sectional area of the blank (bd)
I = moment of inertia of the area (bd-yl2)
E = modulus of elasticity in the blank.
The unit strains at point P (where the SR-U strain gauges are centered)
are:
'l^jH-frtfl
( 2 ) €.'-£* ' i A bd 2 - & (i *
Placing the value of H from Equation 1 into Equation 2, gives the fol-
lowing relation:
/ i \2
„,. . . ({) M* * i)
If the strain gauges are placed in series as in the Wheatstone bridge,
the measured strain is given by:
(w £ = e,-^- 2\e,\ * £
The completed clip type extensometer was tested for linearity and
hysterisis on a device similar to Figure %0. The calibration curve is
shown in Figure f?l. A modification of PROGRAM CREEP given in Appendix B
will readily convert the mv output of the T/tfheatstone bridge into strain
in inches per inch. A simple block diagram of the complete recording
68
system for Creep data is given in Figure £2. A similar diagram for
the control and recording system of the Stress Relaxation machine
is given in Figure 53.
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FIGURE 41 LEVER ARM ASSEMBLY
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FIGURE 44 CLIP GAUGE EXTENSOMETER
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FIGURE 45 CLIP GAUGE EXTENSOMETER
(COMPONENTS)
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FIGURE 46 CLIP GAUGE EXTENSOMETERS a
BRACKETS
FIGURE 47 CLIP GAUGE EXTENSOMETER
ATTACHED TO SPECIMEN
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FIGURE 49 CLIP GAUGE EXTENSOMETER
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FIGURE 50 EXTENSOMETER CALIBRATION
DEVICE
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